Homer1 belongs to a family of scaffolding proteins that interact with various post-synaptic density proteins including group I metabotropic glutamate receptors (mGluR1/5). Previous research in our laboratory implicates the Homer1c isoform in spatial learning. Homer1 knockout mice (H1-KO) display cognitive impairments, but their synaptic plasticity properties have not been described. Here, we investigated the role of Homer1 in long-term potentiation (LTP) in the hippocampal CA1 region of H1-KO mice in vitro. We found that late-phase LTP elicited by high frequency stimulation (HFS) was impaired, and that the induction and maintenance of theta burst stimulation (TBS) LTP were reduced in H1-KO. To test the hypothesis that Homer1c was sufficient to rescue these LTP deficits, we delivered Homer1c to the hippocampus of H1-KO using recombinant adeno-associated virus (rAAV). We found that rAAV-Homer1c rescued HFS and TBS-LTP in H1-KO animals. Next, we tested whether the LTP rescue by Homer1c was occurring via mGluR1/5. A selective mGluR5 antagonist, but not an mGluR1 antagonist, blocked the Homer1c-induced recovery of late-LTP, suggesting that Homer1c mediates functional effects on plasticity via mGluR5. To investigate the role of Homer1c in spatial learning, we injected rAAV-Homer1c to the hippocampus of H1-KO. We found that rAAV-Homer1c significantly improved H1-KO performance in the Radial Arm Water Maze. These results point to a significant role for Homer1c in synaptic plasticity and learning.
Introduction
The Homer family of proteins is encoded by three genesHomer1, 2 and 3 (Bottai et al., 2002; Brakeman et al., 1997; Kato et al., 1998; Sun et al., 1998; Xiao et al., 1998) . The variants of Homer are divided into the short form, Homer1a, and long forms that include Homer1b/c, 2, 3 (Bottai et al., 2002) . The long and short forms of Homer have differing functions (Kato, Ozawa, Saitoh, Hirai, & Inokuchi, 1997; Sun et al., 1998; Xiao et al., 1998) . Homer1, 2, 3 have the ability to interact with mGluR1/5 (Kato et al., 1998; Xiao et al., 1998) , and this binding allows Homer to link mGluR1/5 with inositol trisphosphate (IP 3 ) receptors (Tu et al., 1998) , N-type calcium and M-type potassium channels (Kammermeier, Xiao, Tu, Worley, & Ikeda, 2000) , and TRPC receptors (Yuan et al., 2003) , thereby modulating ion channel function in neurons. mGluR1/5 play a role in LTP (Bashir et al., 1993; Bortolotto et al., 2005; Manahan-Vaughan, 1997; Mannaioni, Marino, Valenti, Traynelis, & Conn, 2001; Neyman & Manahan-Vaughan, 2008; Raymond, Thompson, Tate, & Abraham, 2000; Wilsch, Behnisch, Jager, Reymann, & Balschun, 1998) . Additionally, Homer1 association with mGluR1/5 is necessary for long-term depression (LTD; (Ronesi & Huber, 2008) ), but little is known about the role of Homer1-mGluR1/5 interactions and LTP.
Using a genome-wide approach, we identified Homer1c as one of the genes associated with cognitive aging (Burger et al., 2007) . In support of this data, H1-KO mice show deficits in spatial memory (Jaubert et al., 2007; Szumlinski et al., 2005) . Moreover, Homer1c overexpression in the hippocampus of normal rats augments spatial memory (Klugmann et al., 2005) . It has not been demonstrated that expression of any of the isoforms of Homer1 can rescue the hippocampal learning deficits found in H1-KO mice (Jaubert et al., 2007; Lominac et al., 2005; Szumlinski et al., 2005) . In addition, the synaptic plasticity properties of H1-KO mice have not been studied.
Since H1-KO mice display learning deficits and Homer1 genes been implicated in the structure and function of the post-synaptic density (Sala et al., 2001; Tu et al., 1998 Tu et al., , 1999 Xiao et al., 1998) , we hypothesized that H1-KO mice would display impaired LTP.
